Study on Maximum Scouring Depth of Gravel Channels  by Xia, Li & Ji, Hou
Procedia Engineering 28 (2012) 608 – 612
1877-7058 © 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for Resources, Environment and Engineering 
doi:10.1016/j.proeng.2012.01.777
Available online at www.sciencedirect.com
 
 
Procedia 
Engineering  
          Procedia Engineering  00 (2011) 000–000 
www.elsevier.com/locate/procedia 
 
2012 International Conference on Modern Hydraulic Engineering 
Study on Maximum Scouring Depth of Gravel Channels 
LI Xiaa, HOU Jib,a* 
aChongqing Jiaotong University, Chongqing, 400074, China 
bState Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, Chengdu, 610065, China 
 
Abstract 
The local scour depth is a key parameter in the design of levee engineering. Based on experiment data, a non-
dimensional analysis for the prediction of local scour depth is related to the approach flow velocity, flow depth, flow 
angle, scope of levee and the particle size of the bed sediment. The results of this study indicate that the local scour 
depth increases with the depth averaged velocity and junction angle. Finally, an empirical formula of predicting the 
gravel channel maximum scouring depth was developed and tested with the experimental data. 
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1. Introduction 
The local scour depth is a key parameter in the design and planning of engineering[1,2]. Nowadays, 
there are few published results about formulas for estimation of the local maximum depth in gravel 
channel in China. The formula which is recommended from “China GB 50286-98[3].The Design code of 
levee engineering” [3], is widely uesed in engineering design. However, It is based on the analyses and 
field data of sand river. In southwest China, there are almost gravel channels which are different from the 
sand river. This paper combined published results relating to  local scour around  bridge piers and dike 
with experiment data, a non-dimensional analysis for the prediction of local scour depth of slanting 
stream is presented. The maximum scour depth is related to the approach flow velocity, flow depth, flow 
angle, slope of levee and the particle size of the bed sediment. The test experience formula for estimation 
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of the local maximum scour depth in gravel channel is also given, and it can be employed for engineers in 
the determination of the levee engineering design. 
2. Experiment Set up 
Scour tests were performed  in a  30m long flume with a test length of 15m at the Shichuan University. 
The flume includes 3m slant part and 12m straight part. The slant part is made of  wood and it can be 
moved to change the stream angle. The bottom of channel is 500mm wide, as shown in Fig.1. The angle 
of slant stream of 5°, 10°, 15°, 20°, 25°, 30° was tested seperately. The valley slope of channel of  5‰ is 
constant. Leeve slopes ratio of 0, 0.2, 1,and 1.5 was tested seperately. The flume had a water circulation 
system, where the water was supplied through 50mm,100mm and 150mm pipelines, with discharges 
measured by an electro-magnetic flowmeter. The  flume was filled with 150mm deep graded sand. There 
are five groups of test materials to simulate the bed sediment of gravel channel, as follows: grain diameter 
of 2 mm of uniformly sand and median grain diameter (d50) of 1.7mm, 2mm, 2.4mm, 2.7mm of 
nonuniform sand. 
When the slop ratio of levee was 1.5 and the bed was filled with grain diameter of 2 mm of uniform 
sediment, Scouring tests  were  performed  under  the  clear  water  scouring condition  at  six different 
discharges (Q=23.19L/s, 28.67L/s, 34.52 L/s, 40.74 L/s, 54.17 L/s, 68.85 L/s). At the same time, 6 
different angles were tested under every flow discharge. The slop ratio of levee of 0, 0.2 and 1 were tested, 
the four groups of nonuniform sediment of different grading were chosen, and these scouring tests  were 
performed under the clear water scouring condition at Q=34.52L/s. The test measurements focus on the 
approach flow velocity of inflection point and the maximum scour depth after scouring. 
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Fig.1  Schematic of the flume at Sichuan University: (a)Measuring section and location of the structure; (b)Cross section of the 
flume 
3. Scour Mechanism 
The vertical velocity distribution of a normal open-channel flow is characterized  by the no-slip 
condition at the bottom  of the  channel [4]. As the flow  approaches  the inflection point,  a stagnation  
plane is formed.  Because  of the vertical velocity profile, a vertical pressure gradient is formed along the 
stagnation plane on the pier. This gradient produces a  downflow  in  front of  the inflection point, which 
is one of the causes of local scour [5,7] .On the other hand, because of the water-blocking effect of 
inflection, the flow is divided into two parts. One of them straightly flows to downstream; the other one is 
blocked by the river bank and impacted the other bank. There would form a turbulent flow field around 
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the inflection point, even vortex. Furthermore, the bigger the slant angle is, the more powerful the 
turbulence is. As a result of the turbulence, bed scouring was happened.  The scouring process is 
characterized by three different phases: initiation, developing phase,  and stable phase.  During  phase one,  
the  change  of  the  boundary  condition  from  fixed  bed  to  mobile  bed causes  no  appreciable  change  
in the  structure  of  the flow  around  the  inflection point . The flow is stable, but the scour ability is the 
stronggest. As the scour range is enlarging, the flow becomes more and more unstable. On the second 
phase, the scour depth continues to enlarge, however, the velocity of the enlargement slows down. The 
deeper the scourhole is, the weaker the scouring ability is. During the last phase, the scour is mainly 
caused by the flow pulsation, and hardly develops. At the end, the scour does not happen again, and the 
scourhole becomes stable. The  undisturbed  bed  shear stress is equal to the critical  shear stress for 
sediment entrainment. The local scour reaches to the state of balance. 
4.  Results and Discussion 
Now, The formula which is recommended from “China GB 50286-98The Design code of levee 
engineering”, was uesed in engineering design in China, given by the following equivalent forms: 
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Where △ h is the local maximum scour depth, α is the slant flow angle, i is the levee slop ratio, d is 
partical size, V is the flow velocity, and g is the gravitational acceleration. 
The experiment data are from the test of the slop ratio of levee which is 1.5. The measured values 
compared to the caculated values which is given directly by Eq.(1), as shown in Fig.2. 
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Fig.2   Comparison between calculated and measured △ h (a)   
Fig.3   Variation of (Δh/h) with (v2/gd )  (b) 
Fig.2 shows that the calculated values of Eq. (1) are less than the measured data for all the 
experimental conditions. Therefore, it can be concluded that the Eq. (1) can not be used for gravel 
channels. Consequently, this paper proposes to establish the design formula to estimate the maximum 
equilibrium depths of scour in gravel channel. The maximum scour depth is related to the approach flow 
velocity, flow depth, flow angle, slope of levee and the particle size of the bed sediment [6]. Using 
dimensional analysis and manipulations, those variables may be grouped to form the following 
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dimensionless parameters that are used to construct models:  
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where the h is flow depth, f is an unknown function. 
Fig.3 shows that the variation between (Δh/h) and (v2/gd ) for the cases of leeve slop ratio of 1.5. One 
can find that (Δh/h) increases with increasing (v2/gd ), the linear relation in the logarithmic coordinates 
indicates that the trend can be expressed with log law.  
Fig.4 shows that the relation between (Δh/h) and tan(α) for the cases of leeve slop ratio of 1.5. It is 
easy to find that (Δh/h) increases with increasing tan(α), the linear relation in the rectangular coordinates 
indicates that the trend can be expressed with powerfuntion law.  
                  
  a                                                                                                     b 
Fig.4   Variation of (Δh/h) with tan(α)     (a)        
Fig.5  Variation of (Δh/h) with (1+i )  (b) 
Fig.5 shows that the relation between (Δh/h) and (1+i) for the cases of different levee slop ratio. It is 
clear that (Δh/h) decreases with increasing (1+i), the linear relation in the rectangular coordinates 
indicates that the trend can be expressed with powerfunction.  
Fig.6 shows that the variation between  (Δh/h) and (d/h) for the cases of different partical sizes. It is 
found that (Δh/h) decreases with increasing (d/h), the linear relation in the rectangular coordinates 
indicates that the trend can be expressed with powerfunction.  
              
Fig.6 Variation of (Δh/h) with (d/h) 
Fig.7 Comparison between calculated and  Measured △ h                                        
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5. Formular Fitting 
From above conclusions, the basic form of the local maximum scour depth in gravel channel could be 
writed as follow: 
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where K is the influence ratio of all the factors, a, b, c are power exponent. 
On the basis of the correlation analyses, as an alternative multiple regression approach is considered. It 
can   determine the values of K, a, b, c (K=0.108, a=1.08, b=-0.53, c=-0.54,). Therefore, the maximum 
scour depth in gravel channel could be written as follow: 
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The measured values compared with the caculated values which is given directly by Eq.(4), as shown 
in Fig.7. It is found that the caculated value of Eq.(4) is almost approximate to the measure data.  
6.  Conclusion 
The purpose of this research is to investigate the formula for estimation of the local maximum scour 
depth in gravel channel. It was demonstrated that Eq. (1) can not be used for gravel channels. The    
results show that (Δh/h) increases with increasing (v2/gd) and tan (α), and decreases with increasing (1+i) 
and (d/h).  Based on the test data and the dimensional theory, this paper established the formula of 
maximum depth of gravel channel. Comparison of Eq.(4) and Eq.(1) with experimental data shows that 
Eq.(4) is more reasonable. Also, the derivate of Eq. l (4) is based on non-dimensional analysis   that 
shows the structure of present formula is rational and reliable. 
Due to limited data, the formula (Eq. (4)) is needed some more other test data and field data. As for the 
inhomogeneity of bed material, analysis of this paper was not in-depth. 
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